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(54) BACKSCATTER IMAGING DEVICE, CONTROL METHOD, AND INSPECTION SYSTEM

(57) The present invention relates to a backscatter
imaging device, a control method and an inspection sys-
tem. The backscatter imaging device comprises: a ray
source assembly (10) configured to emit rays to a scan-
ning area; a backscatter detector array (21) comprising
a plurality of backscattering detectors and configured to
receive scattered photons (52) when the rays are back-
scattered by an object (40) within the scanning area; and
a first collimator assembly (22) comprising a plurality of
first collimating channels (22b) corresponding to the plu-
rality of backscatter detectors respectively, arranged on
one side of the backscatter detector array (21) adjacent
to the scanning area, and configured to align the scat-
tered photons (52) when the rays are backscattered by
the object (40), so that the plurality of backscatter detec-
tors receive scattered photons (52) corresponding to a
plurality of depths in the object (40) respectively; wherein
at least part of the plurality of first collimation channels

(22b) have an adjustable collimation angle.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application is based on and claims
priority to CN Patent Application No. 202010711982.0
filed on July 22, 2020, the disclosure of which is incor-
porated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to backscatter
imaging technology, in particular to a backscatter imag-
ing device, a control method and an inspection system.

BACKGROUND

[0003] In some related arts of X-ray backscatter imag-
ing, an object to be inspected is irradiated using a pencil
X-ray beam, so as to image by detecting backscattered
photons of the object. The scatter image is formed by ray
signals scattered by the part of the object to be inspected
at a certain depth close to the detector.
[0004] Since rays in low atomic number substances
such as explosives and drugs have stronger Compton
scattering, the backscatter imaging system may distin-
guish materials and highlight organic substances. As the
ray source and the detector of the backscatter imaging
system are on the same side of the object to be inspected,
the backscatter imaging system has the characteristics
of favorable concealability and sensitivity to drugs and
explosives. Particularly in the case where transmission
cannot be realized by placing a detector on the other side
of the object to be inspected (for example, inspecting a
wall or a downhole environment), the backscatter imag-
ing system has significant advantages.

SUMMARY

[0005] In one aspect of the present disclosure, a back-
scatter imaging device is provided. The device includes:
a ray source assembly configured to emit rays to a scan-
ning area; a backscatter detector array including a plu-
rality of backscattering detectors and configured to re-
ceive scattered photons when the rays are backscattered
by an object within the scanning area; and a first collima-
tor assembly including a plurality of first collimating chan-
nels corresponding to the plurality of backscatter detec-
tors respectively, arranged on one side of the backscatter
detector array adjacent to the scanning area, and con-
figured to align the scattered photons when the rays are
backscattered by the object, so that the plurality of back-
scatter detectors receive scattered photons correspond-
ing to a plurality of depths in the object respectively;
wherein at least part of the plurality of first collimation
channels have an adjustable collimation angle.
[0006] In some embodiments, the backscatter imaging
device further includes: a controller in signal connection

with the first collimator assembly and configured to adjust
a collimation angle of at least part of the plurality of first
collimating channels by sending an instruction to the first
collimator assembly so as to realize switching of at least
two scanning modes, wherein the at least two scanning
modes include a first scanning mode and a second scan-
ning mode, the first collimator assembly is configured to
cause the plurality of backscatter detectors to receive
scattered photons corresponding to the plurality of
depths in the object respectively in the first scanning
mode, and cause the plurality of backscatter detectors
receive scattered photons corresponding to the same
depth in the object in the second scanning mode.
[0007] In some embodiments, the first collimator as-
sembly includes a plurality of restraining plates, respec-
tive adjacent restraining plates among the plurality of re-
straining plates form a plurality of first collimating chan-
nels for the scattered photons to pass through and arrive
at the plurality of backscattering detectors respectively,
and at least part of the plurality of restraining plates are
rotatable relative to the backscatter detector array to re-
alize adjustment of a collimation angle.
[0008] In some embodiments, the plurality of restrain-
ing plates are configured to be parallel to each other in
the first scanning mode, and have extension planes in-
tersecting on the same straight line in the second scan-
ning mode.
[0009] In some embodiments, the ray source assembly
includes: a distributed ray source including a plurality of
emitting targets distributed at various heights; and a sec-
ond collimator assembly arranged at one side of the dis-
tributed ray source adjacent to the scanning area, and
configured to align rays emitted from each of the plurality
of emitting targets into a pencil beam.
[0010] In some embodiments, the backscatter imaging
device further includes: a controller in signal connection
with the distributed ray source, and configured to send
an instruction to the distributed ray source so that the
plurality of emitting targets are turned on and off in a cycle
to realize emission of pencil beams at a plurality of
heights, or so that a specified emitting target among the
plurality of emitting targets is turned on to realize emis-
sion of a pencil beam at a predetermined height.
[0011] In some embodiments, the second collimator
assembly has a plurality of grids in one-to-one corre-
spondence with the plurality of emitting targets, each grid
forms a second collimating channel that aligns the ray
emitted from a corresponding emitting target into a pencil
beam, and distances between ray entering ends of the
plurality of grids and corresponding emitting targets are
less than or equal to a first threshold value of 50-100 mm.
[0012] In some embodiments, the second collimator
assembly has a plurality of grids in one-to-one corre-
spondence with the plurality of emitting targets, each grid
forms a second collimating channel that aligns the ray
emitted from a corresponding emitting target into a pencil
beam, and the backscatter imaging device further in-
cludes a controller in signal connection with the second
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collimator assembly and configured to send an instruc-
tion to the second collimator assembly so that the plurality
of grids are opened and closed in a cycle to realize emis-
sion of the pencil beam at a plurality of heights, or so that
a specified grid among the plurality of grids is opened so
as to realize emission of the pencil beam at a predeter-
mined height.
[0013] In some embodiments, the backscatter detector
array is in signal connection with the controller, and the
backscatter detector array is configured to rotate by a
corresponding angle according to a control instruction
received from the controller.
[0014] In one aspect of the present disclosure, a con-
trol method of a backscatter imaging device is provided.
The method includes: causing a ray source assembly to
emit rays to a scanning area; adjusting a collimation angle
of at least part of a plurality of first collimating channels
in a first collimator assembly when an object enters the
scanning area and moves relative to the scanning area,
so that a plurality of backscattering detectors in a back-
scatter detector array receive scattered photons corre-
sponding to corresponding depths in the object respec-
tively, thereby realizing scan imaging of at least one scan-
ning section in the object.
[0015] In some embodiments, the step of adjusting a
collimation angle includes: adjusting the collimation an-
gle of at least part of the plurality of first collimating chan-
nels in a first scanning mode, so that the plurality of back-
scattering detectors receive scattered photons corre-
sponding to a plurality of depths in the object respectively;
switching to a second scanning mode when an instruction
for enhanced imaging of a specified area within the object
is received, wherein the collimation angle of at least part
of the plurality of first collimating channels is adjusted in
the second scanning mode, so that the plurality of back-
scattering detectors receive scattered photons corre-
sponding to the same depth of the specified area in the
object.
[0016] In some embodiments, the control method fur-
ther includes: selecting a plurality of different depths of
the specified area in the object in the second scanning
mode, and for each depth among the plurality of different
depths, adjusting the collimation angle of at least part of
the plurality of first collimating channels, so that the plu-
rality of backscattering detectors receive scattered pho-
tons at this depth.
[0017] In some embodiments, the ray source assembly
includes a distributed ray source and a second collimator
assembly, wherein the distributed ray source includes a
plurality of emitting targets distributed at various heights,
and the second collimator assembly is arranged on one
side of the distributed ray source adjacent to the scanning
area and configured to align the rays emitted from each
of the plurality of emitting targets into a pencil beam; the
control method further includes: sending an instruction
to the distributed ray source so that the plurality of emit-
ting targets are turned on and off in a cycle in the first
scanning mode to realize scanning in the object by the

pencil beam at a specified height range; turning on a
specified emitting target among the plurality of emitting
targets in the second scanning mode, so as to realize
scanning of the specified area in the object by the pencil
beam at a specified height.
[0018] In some embodiments, the ray source assembly
includes a distributed ray source and a second collimator
assembly, wherein the distributed ray source includes a
plurality of emitting targets distributed at various heights,
and the second collimator assembly is arranged on one
side of the distributed ray source adjacent to the scanning
area and has a plurality of grids in one-to-one corre-
spondence with the plurality of emitting targets, each grid
forms a second collimating channel that aligns the ray
emitted from a corresponding emitting target into a pencil
beam; the control method includes: sending an instruc-
tion to the second collimator assembly so that the plurality
of grids are opened and closed in a cycle in the first scan-
ning mode, so as to realize scanning of the object by the
pencil beam at a plurality of heights; opening a specified
grid among the plurality of grids in the second scanning
mode, so as to realize scanning of the specified area in
the object by the pencil beam at a specified height.
[0019] In some embodiments, the control method fur-
ther includes: causing the object to discontinuously or
continuously move relative to the ray source assembly
and the backscatter detector array, so as to realize scan
imaging of a plurality of scanning cross sections succes-
sively in the object.
[0020] In one aspect of the present disclosure, an in-
spection system is provided. The system includes: the
backscatter imaging device described above.

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS

[0021] The accompanying drawings which constitute
part of this specification, illustrate the exemplary embod-
iments of the present disclosure, and together with this
specification, serve to explain the principles of the
present disclosure.
[0022] The present disclosure may be more explicitly
understood from the following detailed description with
reference to the accompanying drawings, in which:

Fig. 1 is a schematic view of the operation principles
in a first scanning mode in some embodiments of
the backscatter imaging device according to the
present disclosure;
Fig. 2 is a schematic block view in some embodi-
ments of the backscatter imaging device according
to the present disclosure;
Fig. 3 is a schematic structural view of the detector
assembly in a first scanning mode in some embod-
iments of the backscatter imaging device according
to the present disclosure;
Fig. 4 is a schematic structural view of the detector
assembly in a second scanning mode in some em-
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bodiments of the backscatter imaging device accord-
ing to the present disclosure;
Fig. 5 is a schematic view of the operation principles
in a second scanning mode in some embodiments
of the backscatter imaging device according to the
present disclosure;
Figs. 6 (a) and 6 (b) are schematic views of scanning
the same scanning section from emitting targets at
various heights in some embodiments of the back-
scatter imaging device according to the present dis-
closure respectively, and Fig. 6 (c) is a schematic
view of scanning another scanning section from the
plurality of emitting targets in some embodiments of
the backscatter imaging device according to the
present disclosure;
Fig. 7 is a schematic view of opened and closed
states of each grid in the second collimator assembly
at various heights in some embodiments of the back-
scatter imaging device according to the present dis-
closure;
Fig. 8 is a schematic view when each grid in the
second collimator assembly is opened in some em-
bodiments of the backscatter imaging device accord-
ing to the present disclosure;
Fig. 9 is a flowchart in some embodiments of the
control method of a backscatter imaging device ac-
cording to the present disclosure.

[0023] It should be understood that the dimensions of
various parts shown in the accompanying drawings are
not drawn according to actual proportional relations. In
addition, the same or similar components are denoted
by the same or similar reference signs.

DETAILED DESCRIPTION

[0024] Various exemplary embodiments of the present
disclosure will now be described in detail with reference
to the accompanying drawings. The description of the
exemplary embodiments is merely illustrative and is in
no way intended as a limitation to the present disclosure,
its application or use. The present disclosure may be
implemented in many different forms, which are not lim-
ited to the embodiments described herein. These em-
bodiments are provided to make the present disclosure
thorough and complete, and fully convey the scope of
the present disclosure to those skilled in the art. It should
be noticed that: relative arrangement of components and
steps, material composition, numerical expressions, and
numerical values set forth in these embodiments, unless
specifically stated otherwise, should be explained as
merely illustrative, and not as a limitation.
[0025] The use of the terms "first", "second" and similar
words in the present disclosure do not denote any order,
quantity or importance, but are merely used to discern
between different parts. A word such as "comprise",
"have" or variants thereof means that the element before
the word covers the element(s) listed after the word with-

out excluding the possibility of also covering other ele-
ments. The terms "up", "down", "left", "right", or the like
are used only to represent a relative positional relation-
ship, and the relative positional relationship may be
changed correspondingly if the absolute position of the
described object changes.
[0026] In the present disclosure, when it is described
that a particular device is located between the first device
and the second device, there may be an intermediate
device between the particular device and the first device
or the second device, and alternatively, there may be no
intermediate device. When it is described that a particular
device is connected to other devices, the particular de-
vice may be directly connected to said other devices with-
out an intermediate device, and alternatively, may not be
directly connected to said other devices but with an in-
termediate device.
[0027] All the terms (including technical and scientific
terms) used in the present disclosure have the same
meanings as understood by those skilled in the art of the
present disclosure unless otherwise defined. It should
also be understood that terms as defined in general dic-
tionaries, unless explicitly defined herein, should be in-
terpreted as having meanings that are consistent with
their meanings in the context of the relevant art, and not
to be interpreted in an idealized or extremely formalized
sense.
[0028] Techniques, methods, and apparatus known to
those of ordinary skill in the relevant art may not be dis-
cussed in detail, but where appropriate, these tech-
niques, methods, and apparatuses should be considered
as part of this specification.
[0029] In some related arts, the backscatter imaging
system has poor adaptability, so that it is difficult to adapt
to different detection environments and detection ob-
jects.
[0030] In view of this, the embodiments of the present
disclosure provide a backscatter imaging system, which
may improve the operation adaptability of the backscatter
imaging system.
[0031] Fig. 1 is a schematic view of the operation prin-
ciples in a first scanning mode in some embodiments of
the backscatter imaging device according to the present
disclosure. Fig. 2 is a schematic block view in some em-
bodiments of the backscatter imaging device according
to the present disclosure.
[0032] Referring to Figs. 1 and 2, in some embodi-
ments, the backscatter imaging device includes a ray
source assembly 10 and a detector assembly 20. The
ray source assembly 10 is capable of emitting rays to a
scanning area. The area covered by one or more pencil
or fan-shaped ray beams emitted by the ray source as-
sembly 10 is the scanning area. The detector assembly
20 is capable of receiving scattered photons 52 when the
rays emitted by the ray source assembly 10 are back-
scattered on the surface or inside of the object to be in-
spected. In some embodiments, the backscatter imaging
device may further include a carrier platform for carrying
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and fixing the ray source assembly 10 and the detector
assembly 20. The carrier platform may move relative to
the object to realize the relative movements between the
object and the ray source assembly, and between the
object and the detector assembly.
[0033] Referring to Fig. 1, the detector assembly 20
may include a backscatter detector array 21 and a first
collimator assembly 22. The backscatter detector array
21 may include a plurality of backscatter detectors D1,
D2, D3, ..., DN-1, DN, and is configured to receive scat-
tered photons 52 when the rays are backscattered by an
object 40 within the scanning area.
[0034] The first collimator assembly 22 may include a
plurality of first collimating channels 22b corresponding
to the plurality of backscatter detectors D1, D2, D3, ...,
DN-1, DN respectively, and is arranged on one side of the
backscatter detector array 21 adjacent to the scanning
area, and configured to align the scattered photons 52
when the rays are backscattered by the object 40, so that
the plurality of backscatter detectors D1, D2, D3, ..., DN-1,
DN receive scattered photons 52 corresponding to spec-
ified depths in the object 40.
[0035] In Fig. 1, when the rays emitted by the ray
source assembly 10 enters the object 40 at a certain
depth, the rays may be backscattered by a plurality of
positions P11, P12, ..., P1(N-1), P1N inside the object 40
corresponding to different depths. Moreover, a plurality
of first collimating channels 22b formed by the first colli-
mator assembly 22 may cause the plurality of backscat-
tering detectors D1, D2, D3, ..., DN-1, DN to receive scat-
tered photons 52 in the object 40 at each depth respec-
tively.
[0036] A fan-shaped scattered photon receiving area
(referring to a fan-shaped area enclosed by two broken
lines 52 connecting each of P11, P12, ..., P1(N-1), P1N to
an upper and lower end of the first collimating channel
22b respectively in Fig. 1) may be formed from each po-
sition P11, P12, ..., P1(N-1), P1N in the object 40 to the first
collimating channel 22b before a corresponding back-
scattering detector D1, D2, D3, ..., DN-1, DN.
[0037] Although scattered photons in all directions may
be generated by rays at different depths inside the object
40, for a plane formed by a point at a certain depth (for
example, called as a reference point) inside the object
and a corresponding first collimating channel 22b, since
points at other depths inside the object 40 are not in such
plane, it is difficult for scattered photons generated by
these points at different depths to enter a first collimating
channel 22b corresponding to the reference point. There-
fore, only the scattered photons generated by the refer-
ence point may be received by a corresponding back-
scatter detector through the first collimating channel,
thereby avoiding that imaging is disturbed by scattered
photons at other depths.
[0038] In some related arts, the detector cannot dis-
cern the scattered photons generated by the rays when
entering the object at different depths and cannot obtain
the depth detection information inside the object. More-

over, a first collimator assembly is provided on one side
of the backscatter detector array adjacent to the scanning
area, so that the scattered photons at each correspond-
ing depth may be received by defining an angle of each
of the first collimating channels.
[0039] The material of the first collimator assembly
may be selected from metals such as tungsten or lead,
or other materials capable of isolating scattered photons
such as alloy and non-metal. In some embodiments, at
least part of the plurality of first collimation channels 22b
have an adjustable collimation angle. In this way, a part
of or all backscatter detectors in the backscatter detector
array 21 may be controlled to receive scattered photons
52 at different angles.
[0040] Referring to Fig. 2, in some embodiments, the
backscatter imaging device further includes a controller
30. The controller 30 is in signal connection with the first
collimator assembly 22, and configured to adjust a colli-
mation angle of at least part of the plurality of first colli-
mating channels 22b by sending an instruction to the first
collimator assembly 22, so as to realize the switching of
at least two scanning modes.
[0041] In the present disclosure, the controller 30 may
be implemented or performed using various general-pur-
pose processors, Digital Signal Processors (DSP), Ap-
plication Specific Integrated circuits (ASIC), Field Pro-
grammable Gate Arrays (FPGA) or other programmable
logic devices, discrete gates or transistor logics, discrete
hardware assemblies, or any combination of the above-
described hardware forms capable of performing the
functions described herein. The general-purpose proc-
essor may be a microprocessor, but in an alternative so-
lution, the processor may be any conventional processor,
controller, microcontroller, or state machine. The proc-
essor may also be implemented as a combination of com-
puting devices, for example a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or
more microprocessors cooperating with a DSP core, or
any other such configuration.
[0042] In some embodiments, at least two scanning
modes include a first scanning mode and a second scan-
ning mode. Referring to Figs. 1 and 3, the first collimator
assembly 22 may allow the plurality of backscatter de-
tectors to receive scattered photons 52 corresponding to
the plurality of specified depths in the object 40 respec-
tively in the first scanning mode. In this mode, the back-
scatter imaging device may obtain scanning information
in the object at a plurality of depths.
[0043] In Fig. 3, the first collimator assembly 22 in-
cludes a plurality of restraining plates 22a, and each ad-
jacent restraining plate 22a among the plurality of re-
straining plates 22a forms a plurality of first collimating
channels 22b for scattered photons 52 to pass through
and arrive at the plurality of backscattering detectors D1,
D2, D3, ..., DN-1, DN respectively. At least part of the plu-
rality of restraining plates 22a may rotate relative to the
backscatter detector array 21 to realize the adjustment
of a collimation angle. In some embodiments, the plurality
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of restraining plates 22a are configured to be parallel to
each other in the first scanning mode.
[0044] Referring to Figs. 4 and 5, the first collimator
assembly 22 may cause the plurality of backscattering
detectors D1, D2, D3, ..., DN-1, DN to all receive scattered
photons 52 corresponding to the same specified depth
in the object 40 in the second scanning mode. In Figs. 4
and 5, the plurality of restraining plates 22a are config-
ured to have extension planes intersecting on the same
straight line in the second scanning mode.
[0045] On the basis of Fig. 3, when it is necessary to
switch to the second scanning mode, the restraining
plates 22a located on both sides in Fig. 4 are inclined
toward the middle at a large angle, while the restraining
plates 22a located in the middle are inclined at a small
angle or not inclined, so that each restraining plate 22a
may intersect on the same straight line after outwardly
extending.
[0046] In Fig. 5, the point P is located on the straight
line where the extension surfaces of the plurality of re-
straining plates 22a intersect. In this way, the scattered
photons 52 of the point P corresponding to the same
specified depth may enter each backscattering detector,
thereby realizing enhancement of the detection effect. In
this mode, the backscatter imaging device may perform
enhanced detection on a suspected local part in the ob-
ject.
[0047] For the backscatter imaging device, when an
object is scanned, normal scanning may be performed
applying the first scanning mode, and when a suspected
part in the object is found, the controller sends instruc-
tions to the first collimator group to adjust a collimation
angle of at least part of the first collimating channels, so
as to realize the switching from the first scanning mode
to the second scanning mode.
[0048] Since the suspected part might have a certain
volume, in the second scanning mode, it is possible to
adjust a collimation angle of at least part of the first col-
limation channels several times to realize enhanced
scanning of a plurality of points in the specified area after
the specified area where enhanced scanning is desired
is determined.
[0049] In the above-described embodiments, the de-
tector assembly 20 and the ray source assembly 10 may
be located on the same side of the object 40 relative to
the object 40. Moreover, the detector assembly 20 may
be arranged on one side or both sides of the ray source
assembly 10. In some embodiments, the backscatter de-
tector array 21 in the detector assembly 20 may rotate,
for example, in the z axis perpendicular to a horizontal
plane, to receive scattered photons at different angles.
The backscatter detector array 21 may be in signal con-
nection with the controller 30, so as to rotate by a corre-
sponding angle according to a control instruction re-
ceived from the controller 30.
[0050] Referring to Figs. 1 and 2, in some embodi-
ments, the ray source assembly 10 includes a distributed
ray source 11 and a second collimator assembly 12. The

distributed ray source 11 has a plurality of emitting targets
S1, S2, S3, S4, ..., SM-3, SM-2, SM-1, SM distributed at var-
ious heights. In some embodiments, the distributed ray
source 11 may be configured to generate X-rays. In other
embodiments, the distributed ray source may be config-
ured to generate other rays, such as γ rays.
[0051] Here, the number M of emitting targets in the
distributed ray source 11 may be equal to or different
from the number N of a plurality of backscatter detectors
in the aforementioned backscatter detector array 21. In
some embodiments, each of the plurality of emitting tar-
gets of the distributed ray source 11 is in the same straight
line which is perpendicular to the horizontal plane. In oth-
er embodiments, each of the plurality of emitting targets
of the distributed ray source 11 may not be in the same
straight line, or the same straight line may not be per-
pendicular to the horizontal plane.
[0052] The distributed ray source is a ray source which
implements emitting rays at a plurality of physical posi-
tions, realize logic programming control and can be ac-
tuated rapidly through an electronic control system. In a
tube, the emission characteristics of each emitter (an
emitting target) are controlled using the electronic control
system, so as to achieve the effect of radiating rays from
different positions sequentially, and further implement
scanning a section of the object.
[0053] The second collimator assembly 12 is arranged
on one side of the distributed ray source 11 adjacent to
the scanning area, and configured to align the rays emit-
ted from each of the plurality of emitting targets into a
pencil beam 51. Since a plurality of emitting targets are
distributed at various heights, when different emitting tar-
gets cooperate with the second collimator assembly 12
to emit the pencil beam 51, it is possible to realize that
the pencil beam 51 are emitted in a cycle at various
heights, thereby achieving the effect of scanning a sec-
tion inside the object. With the relative movement of the
object and the ray source assembly 10, the ray source
assembly 10 may realize scanning in the object at a cer-
tain spatial range.
[0054] In some embodiments, the switching time of the
emitting target is in the order of 10 microseconds, while
the beam emitting time of the emitting target is in the
order of 10 microseconds to 100 microseconds. That is,
the time interval of beam emitting sequentially between
two adjacent emitting targets is in the order of 10 micro-
seconds to 100 microseconds. When the pencil beams
51 are emitted in a cycle at various heights, the pencil
beams with an extremely short time interval form scan-
ning area of the ray source assembly of a full plane. When
the object enters such scanning area and moves relative
to the same, it is possible to implement that the ray source
assembly discontinuously or continuously scan the ob-
ject along a direction perpendicular to the beam plane
formed by the pencil beams.
[0055] Compared with the solution of emitting rays at
various heights using a flying spot device in some related
arts, the distributed ray source 11 in the present embod-
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iment may realize simultaneous control with the collec-
tion by the detector assembly by switching the plurality
of emitting targets to accurately control the beam emis-
sion time, which may cause the signal collected by the
detector assembly to be more accurately matched with
the height of a backscattered point in the object. On the
other hand, the emitting target in the present embodiment
may be turned on or off as necessary, so that it is possible
to satisfy that a specified area in the object at a particular
height is accurately positioned and scanned in the sec-
ond scanning mode.
[0056] On the other hand, since the switching speed
of the emitting target of the distributed ray source 11 ac-
cording to the present embodiment is much greater than
the relative movement speed (for example, 0.4m/s) of
the object and the backscatter imaging device, it is pos-
sible to scan each scanning section in the object very
intricately during scanning. Here, the relative movement
between the object and the backscatter imaging device
may be that each member in the backscatter imaging
device is stationary, while the object moves, and alter-
natively, the object remains stationary, while at least part
members of the backscatter imaging device move (for
example the ray source assembly 10 and the backscatter
detector array 21).
[0057] In some embodiments, the controller 30 is in
signal connection with the distributed ray source 11, and
configured to allow that the plurality of emitting targets
are turned on and off in a cycle by sending instructions
to the distributed ray source 11, so as to realize the emis-
sion of the pencil beams 51 at a plurality of heights. For
example, the controller 30 sends instructions to cause a
plurality of emitting targets S1, S2, S3, S4, ..., SM-3, SM-2,
SM-1, SM to emit beams from top to bottom sequentially,
and switch to the uppermost emitting target S1 after the
lowermost emitting target SM emits a beam, and then
repeat such cycling process until completed scanning of
the object.
[0058] Taking Fig. 6 as an example, the object moves
relative to the distributed ray source 11 along a direction
corresponding to the arrow v. In Fig. 6 (a), immediately
after the object enters the scanning area formed by the
distributed ray source 11 and the second collimator as-
sembly 12, the pencil beam emitting from the emitting
target S1 enters inside of the object along the scanning
section A1 in the object. Scattered photons of the pencil
beam backscattered by points P11, P12, ..., P1(N-1), P1N
at a plurality of depths with a height of h1 in the scanning
section A1 enter respective backscatter detectors D1, D2,
D3, ..., DN-1, DN through a plurality of first collimating
channels of the first collimator assembly 12 respectively.
[0059] Next, the plurality of emitting targets are se-
quentially switched downward along a height direction to
emit the pencil beam. In Fig. 6 (b), the pencil beam emit-
ting from the emitting target S4 still enters inside of the
object along the scanning section A1 in the object. Scat-
tered photons of the pencil beam backscattered at points
P41, P42, ..., P4(N-1), P4N at a plurality of depths with a

height of h4 in the scanning section A1 enter respective
backscatter detectors D1, D2, D3, ..., DN-1, DN through a
plurality of first collimating channels of the first collimator
assembly 12 respectively.
[0060] After the emitting targets are switched until the
scanning section A1 is completely scanned at least once,
the scanning of a plurality of scanning sections in the
object is realized along with the relative movement of the
object and the ray source assembly. In Fig. 6 (c), the
pencil beam emitting from the emitting target S4 enters
inside of the object along the scanning section An in the
object. Here, the value range of n may be determined
according to factors such as the relative movement
speed between the object and the ray source assembly,
the length of the object in a direction perpendicular to the
scanning area, and the detection accuracy. Scattered
photons of the pencil beam backscattered by points P41,
P42, ..., P4(N-1), P4N at a plurality of depths with a height
of h4 in the scanning section An enter respective back-
scatter detectors D1, D2, D3, ..., DN-1, DN through a plu-
rality of first collimating channels of the first collimator
assembly 12 respectively.
[0061] In other embodiments, the controller 30 may al-
so turn on a specified emitting target among the plurality
of emitting targets, so as to implement emitting the pencil
beam 51 at a predetermined height. Referring to Fig. 5,
when it is necessary to perform enhanced scanning on
the point P in the object 40, the controller 30 may desig-
nate the emitting target S4 located at the same height as
the point P to emit a beam.
[0062] Referring to Figs. 1, 7 and 8, in some embodi-
ments, the second collimator assembly 12 has a plurality
of grids 12a in one-to-one correspondence with the plu-
rality of emitting targets. Each grid 12a forms a second
collimating channel that aligns the ray beam emitting from
a corresponding emitting target into a pencil beam 51.
The material of the second collimator assembly 12 may
be selected from metals such as tungsten or lead, or
other materials capable of isolating the ray beam such
as alloy and non-metal.
[0063] In some embodiments, the ray beam emitted
by each emitting target is a fan-shaped broad-beam.
When one emitting target emits a beam, the beam can
pass through the grid 12a in an opened state, while the
beam cannot pass through the grid 12a in a closed state.
In order to realize a section scanning effect of cycled
beam emission along a height direction, referring to Fig.
7, in some embodiments, the controller 30 may cause
the plurality of grids 12a to be opened and closed in a
cycle by sending an instruction to the second collimator
assembly 12, so as to realize emission of the pencil
beams 51 at a plurality of heights. In this way, at the same
moment, only one of the plurality of grids is in an opened
state, and the other grids are in a closed state.
[0064] In Fig. 7, in the second collimator assembly 12
corresponding to the height h1, the grid 12a correspond-
ing to the emitting target S1 is opened, and the other grids
12a are closed, so that it is possible to realize emission
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of the pencil beam 51 at the height h1. In the second
collimator assembly 12 corresponding to the height h2,
the grid 12a corresponding to the emitting target S2 is
opened, and the other grids 12a are closed, so that it is
possible to realize emission of the pencil beam 51 at the
height h2. Similarly, the emission of the pencil beam 51
at each height may be realized sequentially.
[0065] When it is necessary to scan a certain point in
a specified area in the object, the controller 30 may open
the specified grid 12a among the plurality of grids 12a,
so as to realize emission of the pencil beam 51 at a pre-
determined height. For example, in Fig. 5, the grid 12a
corresponding to the emitting target S4 remains open,
and the other grids 12a remain closed, so as to realize
enhanced scanning of the point P by the pencil beam 51
at the height h4.
[0066] Referring to Fig. 8, in some embodiments, when
the second collimator assembly 12 is proximate to the
distributed ray source 11, for example, when the distance
between the ray entering ends of the plurality of grids
12a and the corresponding emitting targets is less than
or equal to the first threshold value of 50-100 mm, each
grid may be in an opened state, and the ray beam emitted
from each emitting target may not pass through an ad-
jacent grid of its corresponding grid. In this way, it is pos-
sible to omit the control of each grid switch, and for the
ray source assembly, compared with rapid switching of
the grid switch, rapid switching of each emitting target in
the distributed ray source is more easily realized, and it
is possible to achieve a faster switching speed.
[0067] The above-described embodiments of the
backscatter imaging device may be applied to various
scenarios requiring backscatter imaging, for example se-
curity inspection of parcels or vehicles. Correspondingly,
the present disclosure also provides an inspection sys-
tem including any one of the aforementioned embodi-
ments of the backscatter imaging device. The inspection
system may be a security inspection system for perform-
ing security inspection of vehicles or cargos.
[0068] Fig. 9 shows a flowchart in some embodiments
of the control method of a backscatter imaging device
according to the present disclosure. Referring to Fig. 9,
based on any one of the aforementioned embodiments
of the backscatter imaging device, its control method may
include step 100 and step 200. In step 100, the ray source
assembly 10 is caused to emit rays to a scanning area.
In step 200, when the object 40 enters the scanning area
and moves relative to the scanning area, the collimation
angle of at least part of the first collimating channels 22b
in the first collimator assembly 22 is adjusted so that the
plurality of backscatter detectors in the backscatter de-
tector array 21 receive scattered photons 52 correspond-
ing to the specified depth in the object 40 respectively,
thereby realizing scan imaging of at least one scanning
section in the object 40.
[0069] In some embodiments, the step of adjusting a
collimation angle in step 200 may include: in the first
scanning mode, the collimation angle of at least part of

the plurality of first collimation channels 22b is adjusted
so that the plurality of backscattering detectors receive
scattered photons 52 corresponding to a plurality of spec-
ified depths in the object 40 respectively.
[0070] When an instruction for enhanced imaging of a
specified area in the object 40 is received, switching to
the second scanning mode is performed. In the second
scanning mode, the collimation angle of at least part of
the first collimating channels 22b is adjusted so that the
plurality of backscattering detectors receive scattered
photons 52 corresponding to the specified area 41 in the
object 40 at the same specified depth.
[0071] In some embodiments, the control method may
further include: selecting a plurality of different specified
depths of the specified area 41 in the object 40 in the
second scanning mode, and for each specified depth of
the plurality of different specified depths, adjusting the
collimation angle of at least part of the plurality of first
collimating channels 22b so that the plurality of backscat-
tering detectors receive scattered photons 52 at the spec-
ified depth.
[0072] Referring to Figs. 1 and 2, in some embodi-
ments of the backscatter imaging device, the ray source
assembly 10 includes a distributed ray source 11 and a
second collimator assembly 12, wherein the distributed
ray source 11 includes a plurality of emitting targets dis-
tributed at various heights, and the second collimator as-
sembly 12 is arranged on one side of the distributed ray
source 11 adjacent to the scanning area and configured
to align the rays emitted from each of the plurality of emit-
ting targets into a pencil beam 51.
[0073] Based on these embodiments of the backscat-
ter imaging device, in some embodiments, the control
method may further include: sending an instruction to the
distributed ray source 11 so that the plurality of emitting
targets are turned on and off in a cycle in the first scanning
mode to realize the scanning of the object 40 by the pencil
beam 51 at a predetermined height range; turning on the
specified emitting target among the plurality of emitting
targets in the second scanning mode, so as to realize
the scanning of the specified area 41 in the object 40 by
the pencil beam 51 at a predetermined height.
[0074] In other embodiments, the control method may
include: sending an instruction to the second collimator
assembly 12 so that the plurality of grids 12a are opened
and closed in a cycle in the first scanning mode, so as
to realize the scanning in the object 40 by the pencil
beams 51 at a plurality of heights; opening the specified
grid 12a among the plurality of grids 12a in the second
scanning mode, so as to realize the scanning of the spec-
ified area 41 in the object 40 by the pencil beam 51 at a
predetermined height.
[0075] In the embodiments of the control method de-
scribed above, the control method may further include:
causing the object 40 to discontinuously or continuously
move relative to the ray source assembly 10 and the
backscatter detector array 21, so as to realize the scan
imaging of a plurality of scanning cross sections succes-
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sively in the object 40.
[0076] Hereto, various embodiments of the present
disclosure have been described in detail. Some details
well known in the art are not described in order to avoid
obscuring the concept of the present disclosure. Accord-
ing to the above description, those skilled in the art would
fully understand how to implement the technical solutions
disclosed here.
[0077] Although some specific embodiments of the
present disclosure have been described in detail by way
of examples, those skilled in the art should understand
that the above examples are only for the purpose of il-
lustration but not for limiting the scope of the present
disclosure. It should be understood by those skilled in
the art that modifications to the above embodiments and
equivalently substitution of part of the technical features
may be made without departing from the scope and spirit
of the present disclosure. The scope of the present dis-
closure is defined by the appended claims.

Claims

1. A backscatter imaging device, comprising:

a ray source assembly (10) configured to emit
rays to a scanning area;
a backscatter detector array (21) comprising a
plurality of backscattering detectors and config-
ured to receive scattered photons (52) when the
rays are backscattered by an object (40) within
the scanning area; and
a first collimator assembly (22) comprising a plu-
rality of first collimating channels (22b) corre-
sponding to the plurality of backscatter detectors
respectively, arranged on one side of the back-
scatter detector array (21) adjacent to the scan-
ning area, and configured to align the scattered
photons (52) when the rays are backscattered
by the object (40), so that the plurality of back-
scatter detectors receive scattered photons (52)
corresponding to a plurality of depths in the ob-
ject (40) respectively;
wherein at least part of the plurality of first colli-
mation channels (22b) have an adjustable col-
limation angle.

2. The backscatter imaging device according to claim
1, further comprising:

a controller (30) in signal connection with the
first collimator assembly (22) and configured to
adjust a collimation angle of at least part of the
plurality of first collimating channels (22b) by
sending an instruction to the first collimator as-
sembly (22) so as to realize switching of at least
two scanning modes,
wherein the at least two scanning modes com-

prise a first scanning mode and a second scan-
ning mode, the first collimator assembly (22) is
configured to cause the plurality of backscatter
detectors to receive scattered photons (52) cor-
responding to the plurality of depths in the object
(40) respectively in the first scanning mode, and
cause the plurality of backscatter detectors re-
ceive scattered photons corresponding to the
same depth in the object (40) in the second scan-
ning mode.

3. The backscatter imaging device according to claim
2, wherein the first collimator assembly (22) com-
prises a plurality of restraining plates (22a), respec-
tive adjacent restraining plates (22a) among the plu-
rality of restraining plates (22a) form a plurality of
first collimating channels (22b) for the scattered pho-
tons (52) to pass through and arrive at the plurality
of backscattering detectors respectively, and at least
part of the plurality of restraining plates (22a) are
rotatable relative to the backscatter detector array
(21) to realize adjustment of a collimation angle.

4. The backscatter imaging device according to claim
3, wherein the plurality of restraining plates (22a) are
configured to be parallel to each other in the first
scanning mode, and have extension planes inter-
secting on the same straight line in the second scan-
ning mode.

5. The backscatter imaging device according to claim
1, wherein the ray source assembly comprises:

a distributed ray source (11) comprising a plu-
rality of emitting targets distributed at various
heights; and
a second collimator assembly (12) arranged at
one side of the distributed ray source (11) adja-
cent to the scanning area, and configured to
align rays emitted from each of the plurality of
emitting targets into a pencil beam (51).

6. The backscatter imaging device according to claim
5, further comprising:
a controller (30) in signal connection with the distrib-
uted ray source (11), and configured to send an in-
struction to the distributed ray source (11) so that
the plurality of emitting targets are turned on and off
in a cycle to realize emission of pencil beams (51)
at a plurality of heights, or so that a specified emitting
target among the plurality of emitting targets is turned
on to realize emission of a pencil beam (51) at a
predetermined height.

7. The backscatter imaging device according to claim
6, wherein the second collimator assembly (12) has
a plurality of grids (12a) in one-to-one correspond-
ence with the plurality of emitting targets, each grid
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(12a) forms a second collimating channel that aligns
the ray emitted from a corresponding emitting target
into a pencil beam (51), and distances between ray
entering ends of the plurality of grids (12a) and cor-
responding emitting targets are less than or equal to
a first threshold value of 50-100 mm.

8. The backscatter imaging device according to claim
5, wherein the second collimator assembly (12) has
a plurality of grids (12a) in one-to-one correspond-
ence with the plurality of emitting targets, each grid
(12a) forms a second collimating channel that aligns
the ray emitted from a corresponding emitting target
into a pencil beam (51), and the backscatter imaging
device further comprises a controller (30) in signal
connection with the second collimator assembly (12)
and configured to send an instruction to the second
collimator assembly (12) so that the plurality of grids
(12a) are opened and closed in a cycle to realize
emission of the pencil beam (51) at a plurality of
heights, or so that a specified grid (12a) among the
plurality of grids (12a) is opened so as to realize
emission of the pencil beam (51) at a predetermined
height.

9. The backscatter imaging device according to claim
2, wherein the backscatter detector array (21) is in
signal connection with the controller (30), and the
backscatter detector array (21) is configured to rotate
by a corresponding angle according to a control in-
struction received from the controller (30).

10. A control method of a backscatter imaging device
according to any one of claims 1 to 9, comprising:

causing a ray source assembly (10) to emit rays
to a scanning area;
adjusting a collimation angle of at least part of
a plurality of first collimating channels (22b) in a
first collimator assembly (22) when an object
(40) enters the scanning area and moves rela-
tive to the scanning area, so that a plurality of
backscattering detectors in a backscatter detec-
tor array (21) receive scattered photons (52) cor-
responding to corresponding depths in the ob-
ject (40) respectively, thereby realizing scan im-
aging of at least one scanning section in the ob-
ject (40).

11. The control method according to claim 10, wherein
the step of adjusting a collimation angle comprises:

adjusting the collimation angle of at least part of
the plurality of first collimating channels (22b) in
a first scanning mode, so that the plurality of
backscattering detectors receive scattered pho-
tons (52) corresponding to a plurality of depths
in the object (40) respectively;

switching to a second scanning mode when an
instruction for enhanced imaging of a specified
area within the object (40) is received, wherein
the collimation angle of at least part of the plu-
rality of first collimating channels (22b) is adjust-
ed in the second scanning mode, so that the
plurality of backscattering detectors receive
scattered photons (52) corresponding to the
same depth of the specified area (41) in the ob-
ject (40).

12. The control method according to claim 11, further
comprising:
selecting a plurality of different depths of the speci-
fied area (41) in the object (40) in the second scan-
ning mode, and for each depth among the plurality
of different depths, adjusting the collimation angle of
at least part of the plurality of first collimating chan-
nels (22b), so that the plurality of backscattering de-
tectors receive scattered photons (52) at this depth.

13. The control method according to claim 11, wherein
the ray source assembly (10) comprises a distributed
ray source (11) and a second collimator assembly
(12), wherein the distributed ray source (11) com-
prises a plurality of emitting targets distributed at var-
ious heights, and the second collimator assembly
(12) is arranged on one side of the distributed ray
source (11) adjacent to the scanning area and con-
figured to align the rays emitted from each of the
plurality of emitting targets into a pencil beam (51);
the control method further comprises:

sending an instruction to the distributed ray
source (11) so that the plurality of emitting tar-
gets are turned on and off in a cycle in the first
scanning mode to realize scanning of the object
(40) by the pencil beam (51) at a specified height
range;
turning on a specified emitting target among the
plurality of emitting targets in the second scan-
ning mode, so as to realize scanning of the spec-
ified area (41) in the object (40) by the pencil
beam (51) at a predetermined height.

14. The control method according to claim 11, wherein
the ray source assembly (10) comprises a distributed
ray source (11) and a second collimator assembly
(12), wherein the distributed ray source (11) com-
prises a plurality of emitting targets distributed at var-
ious heights, and the second collimator assembly
(12) is arranged on one side of the distributed ray
source (11) adjacent to the scanning area and has
a plurality of grids (12a) in one-to-one correspond-
ence with the plurality of emitting targets, each grid
(12a) forms a second collimating channel that aligns
the ray emitted from a corresponding emitting target
into a pencil beam (51); the control method compris-
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es:

sending an instruction to the second collimator
assembly (12) so that the plurality of grids (12a)
are opened and closed in a cycle in the first scan-
ning mode, so as to realize scanning of the ob-
ject (40) by the pencil beam (51) at a plurality of
heights;
opening a specified grid (12a) among the plu-
rality of grids (12a) in the second scanning
mode, so as to realize scanning of the specified
area (41) in the object (40) by the pencil beam
(51) at a specified height.

15. The control method according to claim 10, further
comprising:
causing the object (40) to discontinuously or contin-
uously move relative to the ray source assembly (10)
and the backscatter detector array (21), so as to re-
alize scan imaging of a plurality of scanning cross
sections successively in the object (40).

16. An inspection system comprising:
the backscatter imaging device according to any one
of claims 1 to 9.
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